A digestion and ruminal fermentation trial involving five ruminally cannulated steers assigned to a 5 x 5 Latin square with a 2 x 2 + 1 arrangement of dietary treatments was conducted to evaluate the effects of variety of rapeseed silage (RS) containing either a high (HG) or a low (LG) glucosinolate concentration when fed at 100 or 50% of diet DM. A bromegrass hay-com-soybean meal mixture, which was expected to be isocaloric and isonitrogenous with the RS, was used as the control (C) treatment and replaced RS in the 50% diets. In situ disappearance of substrate from both RS varieties was measured in ruminal environments created by each diet. No dietary treatment x RS substrate interactions were observed for any in situ variable. Total tract digestibility and extent of in situ disappearance of both DM and NDF were greater (P < .01) for HG than for LG. In situ DM and NDF disappearance at 8 , 1 6 and 24 h was greater (P < .01) for RS than for the C diet. Similarly, total tract DM digestibility was greater (P < .01) for RS (61.0%) vs C (56.0%) diets. Diets with 50% RS had greater (P < .01) NDF digestibility (50.4%) than 100% RS (43.6%) diets. Variety of RS had no effect on particulate passage rate. In a 7 7 d growth trial with 60 beef steers, ADG was greater (P < .01) for HG vs LG (.46 vs .36 kg), 50 vs 100% (.52 vs .31) and C vs RS (.64 vs .41) diets. Significant associative effects for the 50% RS diets were observed for DMI in the digestion trial and NDF digestibility in both trials. The glucosinolates present in the HG forage produced no detrimental effects on digestive function or growth of beef steers.
Introduction
Rapeseed (Brassica nupw L.) recently has received consideration as a forage source for livestock Its use has been restricted by numerous nutritional disorders associated with its consumption (Wilkse et al., 1987) . Nonruminants fed rapeseed meal containing high concentrations of glucosinolates experience hypothyroidism and reduced growth (Bell, 1984) . Ruminants have a greater tolerance for glucosinolates; nevertheless, performance of animals fed high-glucosinolate (HG) rapeseed meal has been less than expected compared to soybean meal-supplemented diets (Bell, 1984) . Glucosinolates in rapeseed forage possibly depress digestion and growth without causing overt clinical illness.
Plant breeders have developed varieties of rapeseed that contain low levels of glucosinolate (LG) that may be grown for edible oil production (Bell, 1984) . Information is lacking regarding the value of forages made from the edible varieties of rapeseed. Also, dilution of the HG rapeseed forage with other feed ingredients would be a logical means to reduce undesirable glucosinolate effects. The objective of our study was to evaluate digestion and growth performance associated with HG and LG rapeseed varieties fed as whole-plant silage at 100 or 50% of the diet DM.
Materials and Methods
Wholeplant rapeseed forage was harvested from HG (Dwarf Essex) and LG (Bridger) varieties at 7 to 10 d after flowering began. Forages were chopped and stored in oxygenlimiting plastic silos (2.4 m diameter). After 56 d of storage, silages were sampled and dried at 55'C for 72 h and analyzed for CP (AOAC, 1984), fiber constituents (Goering and Van Soest, 1970) . glucosinolates (Daun and McGregor, 1983 ) and organic acids (Erwin et al., 1961) . Tnul 1. Five ruminally cannulated beef steers (average weight 440 kg) were used in a 5 x 5 Latin square design with a 2 x 2 + 1 arrangement of treatments to evaluate the effects of rapeseed variety (HG vs LG) fed at two levels in the diet (100 vs 50% of diet DM) on ruminal digestion. The added dietary treatment, which served as the control (C) treatment, consisted of a bromegrass hay, corn and soybean meal combination that was approximately isocaloric and isonitrogenous was used as the replacement for rapeseed silage in the 50% diets Vable 1). Incubations were performed in triplicate. The rapeseed forage in the nylon bags had been dried previously at 55'C and ground to pass through a 2-mm screen. The bags were soaked in 5'C water for 1 h prior to the start of incubation. Following incubation, bags were thoroughly rinsed with cold tap water and stored at -5'C. Subsequently, substrate residues were transferred from the bags into filter crucibles and sequentially analyzed for DM and NDF (Goering and Van Soest, 1970) .
Disappearance of DM and NDF was calculated as the difference between the 0-h residue amount and the residue amounts form each of the respective incubation times. Rate and extent of potentially degraded DM and NDF were calculated as described by Robinson et al.
(1986).
Ruminal fluid samples were collected at 0, 4, 8 and 16 h postfeeding on d 1 of each experimental period Ruminal fluid was strained through four layers of cheesecloth and fluid pH was determined immediately. Samples were stored at -5'C for subsequent analysis of VFA by gas chromatography (Erwin et al., 1961) and ammonia N concentration by distillation with MgO (AOAC, 1984). F'reparation of the ruminal fluid for analysis included centrifugation at 10, OOO x g for 15 min and treatment with 1 ml of a 25% (wh) dilution of metaphosphoric acid per 4 ml of ruminal fluid. Volatile fatty acids were analyzed using a gas chromatograph8 qui@ with a hydrogen flame ionhation detector. A silane-oreated 1,800 x 2 mm (i.d.) column packed with Thermon 3O0O9 (60 to 80 mesh) was used. The column oven was operated at 150'C with a N flow rate of 30 ml/min.
On d 4 of the experimental period, steers were fed 100 g of rapeseed silage labeled with Yb. The silage to be labeled was initially washed repeatedly with cold tap water until the rinse water was clear. Rapeseed forage then was dried at 55T, weighed into 100-g samples and soaked with 125 ml of a solution containing 6.48 g of Yb(NO3)yH2O. The 125 ml of solution was sufficient to nearly saturate the rapeseed forage to ensure uniform distribution of the Yb. Fecal Trial 2. Sixty beef steers (initial weight 237 kg) were used in a completely randomized design to evaluate the effects of the treatments described previously on intake, digestibility, rate of growth and efficiency of feed utilization. Steers were adapted to the rapeseed silage diets using a restricted level of silage (3 to 4.5 kg of DM) offered for 5 d. The amount of feed offered was increased gradually until the steers had ad libitum access to their diets. Steers were individually fed for 77 d using eledronic feeding gates'O. The amount of feed offered and refused was recorded daily and the orts were discarded.
Steers were weighed on two consecutive days at the beginning and end of the trial to establish initial and final weights for ADG calculations. On d 41 of the trial, fecal samples were collected from each steer at 0730 and 1630. Fecal samples were dried at 55'C for 72 h and ground to pass through a 1-mm screen. Samples then were composited by animal and processed for DM, NDF and IADF analysis for digestibility calculations as described for Trial 1. On d 66 of the trial, blood was collected from each steer via jugular puncture. Plasma was harvested following 30 min of centrifugation at 3,000 x g at 4'C and analyzed for thyroxine (T4) by RIA using a commercial kit".
Data were analyzed by ANOVA for a completely randomized design with a 2 x 2 + 1 factorial arrangement of treatments (Steel and Tome, 1980) . Treatment differences were determined by planned comparisons as described for Trial l.
Results and Discussion
Chemical composition of rapeseed silages indicated that, compared to LG silage, HG Triul1. Steers consumed less (P < .01) DM when fed the 100% rapeseed diets than when fed the 50% rapeseed diets (Table 3) . Dry matter digestibility was greater (P < .01) for the rapeseed diets than for the C diet. However, a rapeseed variety x dietary level interaction (P < .05) was detected for both DM and NDF digestibility. The LG rapeseed silage exhibited similar extents of DM digestion for the 50 and 100% diets, whereas steers tended to have greater diet DM digestibility when fed HG as 100% of the diet than as 50% of the diet. Therefore, DM digestibility tended to increase as HG rapeseed silage level in the diet increased. In contrast, NDF digestibility was greater for 50 compared with 100%
LG rapeseed diets, with the HG diets exhibiting less difference in NDF digestibility due to level of rapeseed in the diet. Steers consistently had greater (P < .01) digestible DMI when fed 50% rapeseed diets than when fed 100% rapeseed diets. When orchardgrass hay was substituted for fall rapeseed vegetation, Lambert et al. (1987) observed a progressive increase in DMI and digestibility by lambs, although intake appeared to plateau at a 70% rapeseed forage diet. Depressed intake of the 100% rapeseed diet in our study, which was not observed by Lambert et al. (1987) , may have been due to decreased acceptability of our all-silage diets.
Diets containing HG had greater (P e .01) DM and NDF digestibility, and consequently greater (P < .01) digestible DMI, than LG diets. These results suggest that the dietary level of glucosinolate present in the 100% HG diet was not sufficient to depress digestion.
No interactions (P > .lo) involving main effects of dietary rapeseed variety or level with rapeseed variety used as the in situ substrate were observed for any of the in situ disappearance variables, indicating that dietary treatment affected disappearance of the substrate types in a similar manner. Extent of in situ DM and NDF disappearance averaged across dietary treatments was greater (P < .01) for the HG than for the LG rapeseed substrate for each incubation time (Table 4 ). These differences can be attributed to varietal differences in extent, but not rate, of digestion of potentially digested forage; rates did not differ (P > .lo).
In situ degradation characteristics were quite different from those of more conventional forages in that an extremely large proportion of the substrate disappeared after only short times of incubation; this decreased the accuracy in calculating the rate of disappearance. Similarly, Dove and McCormack (1986) reported that 24-h ruminal in situ DM disappearance values for rapeseed leaf and stem were 81.7 and 72.6%, respectively. Also atypical of forage ruminal degradation was the low extent of degradation for these substrates despite a high degree of degradation at short times of incubation. Consequently, after only 24 h of incubation, HG and LG had both achieved over 91 and 86% of their potential extent of DM and NDF disappearance, respectively.
In situ disappearance of HG and LG was consistent with the total tract digestibility values and supported the evidence that rapeseed silage was a highly digestible forage.
Also, in both total tract digestibility and in situ disappearance measurements, the HG forage had more desirable digestion characteristics than the LG forage did. Few effects of composition of the diet on in situ DM and NDF disappearance were detected, no interactions (P > .lo) involving variety and dietary level of rapeseed silage were observed vable 5). However, disappearance of DM and NDF at 8, 16 and 24 h were greater (P c .01) for diets containing rapeseed silage than for the C diet. Calculated rate of disappearance of potentially degradable DM and NDF was lower (P e .05) for C vs rapeseed silage diets. These data indicate that inclusion of rapeseed silage in the diet created a ruminal environment more conducive to fermentation of rapeseed forage.
Numerically greater disappearance at 8 h but lower disappearance at 40 and 48 h resulted in a faster (P c .05) rate of disappearance of potentially degradable DM for HG vs LG diets. Also, a more rapid (P c .05) rate of disappearance of potentially degradable DM was observed for 100 vs 50% rapeseed silage diets. Although these data are confusing, they suggest that this amount of glucosinolate in the diet was not detrimental to ruminal fermentation. The lack of interaction between variety and level of rapeseed in the diet also supports the contention that dietary glucosinolates did not affect ruminal fermentation. Fales et al. (1987) reported a 100-fold reduction in glucosinolate concentration when rapeseed forage underwent ensiling. Perhaps the glucosinolate content of our HG and LG silages had been reduced sufficiently from its concentration in fresh forage so that it did not affect digestive function. Although glucosinolates may have been hydrolyzed during the ensiling process, thiocyanates and nitriles, which are toxic derivatives of glucosinolates (Wallig et al., 1988) , still may have been present.
Compared with those fed rapeseed diets, steer fed the C diet had faster (P < .05) particle passage rate and shorter (P < .01) mean retention time and transit time ( Table 6) . Diets containing 100% rapeseed silage had slower (P e .01) particle passage and longer (P e .01) mean retention time compared with 50% rapeseed silage diets. The faster particle passage rate for 50 vs 100% rapeseed diets was 'HG differed (P < .01) from LG. isonitrogenous to the silages. This combination also composed the remainder of the 50% rapeseed silage diets.
= Control diet, which consisted of bromegrass hay, corn and soybean meal combination and was isocaloric and *P c .05. **P < .01.
consistent with observations of greater DM rapeseed. Gastrointestinal tract fill was greater intake for steers fed 50% rapeseed diets. A (P c .05) in steers fed LG than in those fed HG dietary level x variety interaction (P c .01) diets. Comparisons of C vs rapeseed and 100 was observed for transit time; the 100% vs 50% rapeseed reflect a decrease in particurapeseed diet resulted in a longer transit time late passage rate and an increase in retention than the 50% diet with the LG but not the HG time as percentage of rapeseed was increased * % = Control diet, which consisted of a bromegrass hay, corn and soybean meal combination and was isocaloric and *P < .05. **P < .01.
isonitrogenous to the silages. This combination also composed the remainder of the 50% rapeseed silage diets. isonitrogenons to the silages. This combination also composed the remainder of the 50% rapeseed silage diets.
in the diet. This effect may be due to an inherent difference between an ensiled vs a dry forage rather than a difference created by the rapeseed forage per se. Observations of in situ disappearance and digesta passage showed opposite trends, indicating that passage of digesta likely was regulated by gut motility rather than digestive action.
Ruminal pH was lower (P c .01) and total VFA concentration was greater (P < .OS) for the C than for the rapeseed diets (Table 7) . Also, HG and 50% rapeseed diets had lower (P < .05) ruminal pH compared with their respective counterparts. Ruminal VFA concentration also was greater (P < .05) for HG vs
LG and for 50 vs 100% rapeseed diets.
Therefore, ruminal pH decreased and total VFA concentration increased as rapeseed progressively decreased in the diets. Reduced ruminal pH values as grass hay was increased in the diets may have been a result of low buffering capacity of the grass hay (McBurney et al., 1983) . Also, salivary flow may have been reduced as silage increased in the diets, resulting in lower pH and less dilution of ruminal VFA. Greater VFA concentrations for HG vs LG diets were consistent with in situ disappearance observations that demonstrated that HG rapeseed was more fermentable than the LG rapeseed. Molar proportions from the C diet were greater (P < .05) for acetate and butyrate and lower (P c .05) for propionate, isonitrogenous to the silages. This combination also composed the remainder of the 50% rapeseed silage diets.
isobutyrate, isovalerate and valerate than from the rapeseed diets. Molar proportions of propionate, valerate and isobutyrate were greater and butyrate was lower for 100 vs 50% rapeseed diets, these small differences likely have little biological significance.
Contrasts for the C vs rapeseed diets and 100 vs 50% rapeseed diets indicated that ruminal NH3 N concentrations differed. However, measured concentrations indicated that N H 3 N was adequate from all diets for optimal microbial activity (Satter and Slyer, 1974) .
Trial 2. Blood plasma thyroxine (T4) levels were greater (P < .01) in steers fed the C diet than in those fed rapeseed diets (Table 8 ). The 100 vs 50% rapeseed silage resulted in lower T4 values for the steers fed HG but not for steers fed LG rapeseed diets (dietary level x variety; P < .05).
Dry matter intake was greater (P < .01) for steers fed the C diet than of those fed the rapeseed diets (Table 9 ). This effect was not observed in Trial 1. Intake of DM was greater (P < .Ol) for 50% than 100% rapeseed diets, which was consistent with the results of Trial 1. Consequently, intake increased as rapeseed silage was decreased in the diet. In contrast, DM digestibility decreased as rapeseed silage decreased in the diet (C < others and 50 < 100%; P < .01). No effects (P > .05) were observed for digestible DM intake, indicating that reduced intake was fully compensated by increased digestibility as rapeseed forage was added to the diet. This trend aIso was observed in Trial 1. The digestibility of NDF was greater (P < .01) for the rapeseed diets than for C. The HG rapeseed diets had greater (P < .05)
NDF digestibility than the LG diets, which was consistent with the previous trial. Daily gain was greater (P < .Ol) and feedgain was lower (P < .01) for steer fed C than for steers fed rapeseed diets. The HG and 50% rapeseed diets resulted in improved (P < .01) growth performance compared with their respective counterparts. These data indicate that the glucosinolates, or glucosinolate derivatives, present in the HG silages affected T4 production, but not to a degree that would elicit a growth depression. Similarly, Lambert et al. (1987) observed progressively decreasing thyroxine concentrations in lambs fed increasing amounts of rapeseed forage, but it was not associated with differences in animal health or digestive function.
lmpllcatlons
Rapeseed forages are quite extensively fermented. Ensiled high-glucosinolate rapeseed forage caused no clinical or subclinical signs of disease and promoted improved digestion and growth compared with ensiled lowglucosinolate rapeseed. Steers can tolerate relatively high levels of dietary glucosinolates. Rapeseed forage appears to have potential as a forage crop as either a grazed or a harvested forage. Further research is necessary to identify management practices to utilize this forage resource more effectiveIy. These practices may involve feeding rapeseed forage in combination with other feed ingredients because improvements from the 50% addition of grass hay and concentrate were greater than expected for DM intake, NDF digestibility and steer performance.
